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Abstract: Eddies that result from the flow separation in abrupt expansion transition structures lead to serious problems in the
bed and sides of the downstream channel. The head loss produced through expansion, on the other hand, is important as it affects
the downstream stage. This study has been conducted for subcritical flow to develop the hydraulic performance of an abrupt
outlet transition. The aim of this study is to keep the head losses at lower stages and achieve a uniform velocity distribution
across the width at the end of transition downstream (in the transverse direction) by spreading the flow laterally. A new baffle
column model that has not been previously investigated was adopted and installed at a specific location to be a dispenser inside
the transition. This model is semi-circular in shape convex against the flow, by which the flow spreads and distributes across the
width with highly regularity and uniformity. At the same time, this shape keeps the head losses at a minimum stage. The results of
this attempt proved that it has considerable advantages both hydraulically and economically over using a flared wall transition.
The results have indicated that the uniformity in local velocity distribution across the width has increased, a shorter length of
transition has been achieved, and no more head loss than that occurs at plain abrupt transition.
Keywords: Expansive transition, abrupt outlet, subcritical flow, velocity distribution, head loss, sudden transition.

1.

Introduction

When there is a change in channel shape and/or cross section, and a variation in bed elevation, the contraction or
expansion transition structure becomes essential in providing a continuous link. Such changes are often required for
both natural and artificial channels at the inlet and outlet of the culvert, syphons, aqueducts, weirs, falls, bridges,
barrages, etc. This paper is focused only in studying the performance of the expansive transitions for subcritical
flow. When the sections expand, the flow tends to separate due to the positive pressure gradient associated with flow
deceleration; thus, resulting in a considerable loss of energy (Alauddin and Basak, 2006). As a consequence of this
separation, eddies form near the boundaries. The aim of the present study is to induce this change within a shorter
distance, which is associated with minimum head loss. This paper also aims to have near-uniform flow spread in the
transverse direction to prevent a concentration of jets at one side wall or at the center. Hyatt (1965), Austin et al.
(1970), Smith et al. (1966), Vittal and Chiranjeevi (1983), and Alauddin and Basak (2006) have all agreed that when
the subcritical flow passes through an expansion transition, there is an increase in pressure associated with a
decrease in velocity, which means the conversion of some of the kinetic energy to potential energy. Smith et al.
(1966) used triangular baffles as appurtenances to divide the incoming flow into two parts to reduce the deflection in
energy conversion. Austin et al. (1970) further developed this model by adding two sets of triangular baffles. The
recommendations proposed by the previous studies in this field are used for the initial conditions for the present
model.

2.

Dimensional Analysis

The first step in performing an experimental study is determining the parameters that govern the hydraulic
performance. A prerequisite to running the model within the boundaries of the experimental work is a proper
geometrical design of the model. For the conditions of the expansion transition structure, the following parameters
influencing the hydraulic performance of such structure may be considered (see Figure 1).
A- Geometric properties:
y1- Water depth upstream of the transition, L
B1- Channel width upstream of the transition, L
B2- Channel width downstream of the transition, L

B- Flow properties:
V1- Flow velocity in the upstream channel section, LT -1
E1- Specific energy of the upstream flow, L
E2- Specific energy of the downstream flow, L
g - Acceleration due to gravity, L T -2
C- Fluid properties:
ρ - Mass density of the flowing liquid, ML-3
μ - Fluid dynamic viscosity, ML-1 T-1

Figure 1. Flow and Geometric Parameters of Abrupt Transition

The dependent parameter is the flow energy at the end of transition and the functional relationship becomes:
E2=f(E1,ρ,μ,g,V1,y1,B1,B2)

(1)

The Buckingham π- theorem is used to create the dimensionless parameters by taking the fluid density ρ, the flow
velocity at the upstream of the transition V1 and the water depth upstream of the transition y1 as the repeating
variables. If one assumes that the forces of fluid viscosity are insignificant as compared with those of inertia, and
appearance of the effectiveness of the gravity force, the Reynold’s number could be eliminated. Therefore, in an
open channel, the laminar flow exist just when Re≤500. This is a difficult encounter in practice, and the turbulent
flow is dominant in an open channel. Alternatively, the Froude number is an important parameter that governs the
character of flow in open channels.
After elimination and delimitation, the process permits the problem to be restated as:
hL
y1

= f ( Fr1,

B1 B2

,

y1 B1

)

(2)

In which hL is the head loss between the upstream and the downstream sections, equal to E1-E2, depending on: the
incoming Froude number Fr1, aspect ratio B1/y1, and the expansion ratio B2/B1. It should be noted that the V2 in
Figure 1 is the flow velocity at the downstream section it measured in order to calculate the specific energy E2. The
impact of these parameters can be identified through the experimental test.

3.

Experimental Setup and Procedure

A laboratory flume 15 m in length, 0.3 m in width, and 0.45 m in depth was used to install the present study’s
models. The two approach flumes, 10 cm and 12 cm in width and 4 m in length, were manufactured from Plexiglas
and placed into the flume at an upstream portion to simulate the approach channel. The headwalls normal to the
direction of flow were then provided at the end of the approach channel to simulate the abrupt transition once from

10 cm and again from 12 cm to expand abruptly to 30 cm. A tail gate was used for flow depth regulation. Figure 2
illustrates the model adopted in the study. The discharge used for the test ranged between 2 l/s and 19 l/s, and was
diverted to the flume via an electromagnetic flow meter that recorded directly onto a digital control panel. The steps
taken in this experimental work are as follows:
1.
2.
3.

Using a semi-circular column as a dispenser installed initially at 0.5B1 from the inlet of the transition
section. This location was previously recommended by Austin et al. (1970), but for another model.
The primary diameter for the dispenser was 0.25B1 in order to be in compatible with those that have been
recommended by Smith et al. (1966), but also, for another shape of model.
The trial procedure was used to establish logical and intended results via experimental measurements

The data were collected at several sections. First, for a section located at 25cm upstream of the transition and within
the expanded section up to the distance of 10B1, the flow depths and local velocities are measured via point gauge
and propeller current meter, respectively. The local velocity was measured at 0.6 of the depth from the water surface
to represent the depth average velocity of the section at this point. These measurements were distributed transversely
and vertically to show the variation of the flow velocity with and without the flow spreading model (dispenser),
along with both changes in its diameter and location. Figure 3 illustrates the grid of the local velocity measurements
at transverse and vertical directions. The transition was tested to two expansion ratios, B2/B1=2.5 and 3. For each
expansion ratio, the experiments have been conducted to three different aspect ratios, B1/y1=0.71, 1, and 1.42, and
three flow intensities are conducted with each aspect ratio to give the Froude numbers 0.3, 0.5, and 0.7. These values
of the Froude number are more commonly in practical application.

(a) Top view of flume

(b) The flume and abrupt outlet model
Figure 2. Schematic representation and view of model undertaken

(a) Measurement sections and lateral positions

(b) Measuring positions at y-direction

Figure 3. Measurements sections and positions for X, Y and Z directions

4.

Design and Development of the Transition Model

Many recommendations from previous studies and data analysis outputs were reviewed, and the more relevant
recommendations were used in the initial attempt of the present work. The aim was to design a more practical model
that has a significant effect on flow separation and velocity distribution. That takes energy loss into consideration.
Accordingly, the initial setup of the present model was based on those recommended in previous studies (e.g., Hyatt,
1965; Austin et al., 1970; Smith et al., 1966; Vittal and Chiranjeevi, 1983). In the present work, a semi-circular
baffle column convex against the flow was introduced and fixed on the centerline of the abrupt expansion at a
specified location. By using this model, it would expect the inflow to divide equally to both sides of the expansion.
Many trials were conducted during the investigation that override the initial setup limitations. However, noting the
changes in the hydraulic performance occur through conducting a necessary measurements.
In the first run of the initial design, as shown in Figure 4, a significant separation occurred due to an ineffective
reaction of flow spreading; therefore, further development was necessary. Further trials were conducted by adopting
different locations of the dispenser relative to entrance of the transition. These changes in location were
accompanied by changes in the size of the model, with the diameter changing from 0.25 B1 in the first trial to 0.5 B1
passing by 0.4 B1. Figure 5a demonstrates the features of the flow using a dispenser at 0.25 B1. This trial did not
have a remarkable effect on the hydraulic performance compared to that which occurs with plain abrupt expansive
transition. Thus, the change in size (i.e., diameter) of the dispenser becomes essential.

Figure 4. Top view of primary design of model

(a)
Figure 5. (a) Velocity distributions at 0.25B1 diameter model

(b)
(b) velocity distributions at 0.4B1 and 0.5B1 diameter models.

The first change was by using the diameter of the dispenser equal to 0.4 B1, as well as changing its location. By
moving the model towards the inlet section, the transition length becomes smaller and the higher losses may have
occurred due to the formation wide area of turbulence behind the dispenser and extends to a longer distance
downstream. Also, the increase in the spacing leads to additional length for the transition with an increase in flow
separation. For this reason, Austin et al. (1970) recommended to fixing the spacing at 0.5 B1 from the entrance. The
hydraulic performance of the last trial is shown in Figure 5b. The configuration illustrated in this figure led to
minimizing the length of transition along with the flow symmetry and high uniformity in velocity distributions, but
the 0.5 B1 diameter was taken as a precautionary step to ensure the stability of the model along the range of the
expansion ratio which was adopted in the experiments. As a result, the final design unfolded as displayed in Figure
6. It should be mentioned here that the material used to prepare the baffle (dispenser) was a half hollow PVC tube,
2mm in thickness, which was cut carefully in a longitudinal section by using a CNC machine.

(a) Final design details sketch
(b) Top view of final design and installation
Figure 6. Final design, configuration, and installation of a circular baffle

5.

Results, Analysis, and Discussions

The collected data were analyzed to show the hydraulic performance of an abrupt outlet transition with a half
cylinder equipped with one semi-circular baffle compared to the performance of the conventional transition (plain
structure). The results showed that the use of this baffle leads to an elimination of the separation and a significant
decrease in the possibility of eddy formation. The transition length also becomes shorter, which refers to the dual
action of the present model where it works as a dispenser, and shortening the distance which necessary for the flow
to become wholly effective across the width of transition (the turbulence and eddies regions will diminished within
shorter distance along the transition).
The adopted model of transition, denoted as Model C as shown in Figure 7, was also compared with the straight wall
transition at flare angle 22.5° that is commonly used in the field which denoted here as Model B. The flow through
abrupt transition without appurtenances (plain structure), named as Model A, was considered in the tests as the
baseline performance. Figure 7 illustrates the variation of the transverse velocity distribution within the transition at

the selected sections within for the three models. The good performance related to the uniformity of the velocity
distribution and the decrease in its local values was achieved by using Model C. However, long separation reach and
concentration restricted on one side characterized the performance of both models A and B. Moreover, a smaller
transition length with more uniformity in jet spreading, along with a lower value of local velocity, was recorded with
Model C. The data of Figure 7 were collected at B2/B1=3 and B1/y1=1 for Q= 5.50 L/s, which gives Fr1=0.55.
The reasons of separating the flow when entering the transition as in the cases of models A and B have been
investigated extensively through numerous researchers. Mehta (1979) conducted an experiment with a twodimensional rectangular channel expansion and found that the flow is symmetric at an expansion ratio of 1.25 and
asymmetric at expansion ratios of 2.0, 2.5, and 3.0. He found that the expansion ratio has an important effect on
asymmetrical behavior of channel expansions.
According to Graber (1982), flows are symmetric in rectangular channels expansion with the expansion ratio less
than 1.5. He presented the cause of the asymmetric behavior of the flow as a static instability of the flow system.
Smith and Yu (1966) considered gradual expansions if the angle of sidewalls is smaller than 14 o. Except when the
expansion ratio is between 1 and 2, the separation cannot be avoided when the flare angle is exceeded. However,
reducing a flare angle to avoid flow separation in an expansion is not practical because the length of the expansion
will increase and the cost to build such an expansion is high. According to Smith and Yu (1966) in a rapid
expansion, the flow from the contracted section leans toward one of the sidewalls, and a large turbulent eddy forms
between the jet and the other sidewall.
0 .25B11B1

2B1

3B1

4B1

5B1

6B1

(Model-A)

(Model-B)

(Model-C)
Figure 7. Velocity distributions across the width and along the length of models of transitions undertaken

The vertical velocity distributions for Model C, as shown in Figure 8, support the efficient performance by reducing
the kinetic energy associated with the regular distribution for each section. Although the velocity distribution and,
hence, the kinetic energy, at the section 0.25 B1 before the dispenser is still high, is lower than that recorded at the
entrance (i.e., at 0 B1). This indicates there is a beneficial effect of Model C on reducing the kinetic energy. For
sections 6 B1 to 10 B1, the velocity distribution seems to be more uniform with less kinetic energy. These sections
could be considered located within the downstream channel and hydraulically influenced by the advantageous action
of model C transition. The eddies layer behind the dispenser is responsible for the negative direction (opposite of the
streamwise) velocity as clearly demonstrated in sections 1 B1 and 2 B1 of Figure 8. Then, the direction of velocity

component becomes with the streamwise (tend to be positive), starting from section 4 B1. The sections from 1 B1
onwards illustrate the velocity distributions after the end of the semi-circular model.

Figure 8. Local velocity distribution at vertical direction for Model C

For expansion ratio B2/B1=2.5, a greater reduction in head loss was recorded at B1/y1=1 in Model C compared to
Models A and B under the same flow conditions. Thus, the use of this shape of dispenser reduces the action of
eddies produced in Models A and B. On the other hand, for B2/B1=3, the trend of the reduction in head losses
decreases. Generally, when the expansion ratio is B2/B1=2.5, the average head losses that resulted because of the
use the semi-circular model were 20% lower than those occurring at the plain abrupt transition of the same
expansion ratio. It becomes greater by about 29% with an expansion ratio of 3. The greater losses occurred when
using Model C compared to Model B. The average increases in head loss were 44% and 50% for expansion ratios
2.5 and 3, respectively. This increase in losses when using a semi-circular baffle does not lessen the advantages of
reducing the values of the velocity, along with achieving more regularity in its distribution both in the vertical and
transverse directions. Another observed advantage was the reduction in the length of transition. The differences in
head losses for the three models are listed in Table 1.
Table 1. Overall head losses data collected for all models in present research

B2/B1
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
3
3
3
3
3
3
3
3
3

B1/y1
0.71
0.71
0.71
1
1
1
1.42
1.42
1.42
0.71
0.71
0.71
1
1
1
1.42
1.42
1.42

Q(m³/s)
0.0079
0.01317
0.01844
0.00469
0.00781
0.01094
0.00255
0.00425
0.00595
0.00574
0.00902
0.0123
0.00347
0.0055
0.00743
0.00203
0.00319
0.00445

Fr
0.3
0.5
0.7
0.3
0.5
0.7
0.3
0.5
0.7
0.35
0.55
0.75
0.35
0.55
0.75
0.35
0.55
0.75

hL1
(dispenser)
(m)
Model C
0.000621
0.008404
0.022895
0.000399
0.003433
0.011171
0.000259
0.001735
0.0054
0.00268
0.010762
0.026008
0.001408
0.004976
0.013167
0.000651
0.002808
0.007889

hL2
(abrupt)
(m)
Model A
0.001489
0.008694
0.021018
0.000596
0.004207
0.012586
0.00016
0.002122
0.006158
0.001594
0.009304
0.022777
0.000716
0.004587
0.01288
0.000453
0.00271
0.00693

hL3
(22.5°)
(m)
Model B
0.000996
0.005019
0.013948
0.000498
0.002174
0.00596
6.16E-05
0.000765
0.002834
0.001495
0.008136
0.018579
0.000617
0.004197
0.011827
0.000354
0.002125
0.00597

Percent decrease in head losses
[

hL1 − hL2
]%
hL2
-58.3083
-3.33365
8.927118
-33.0959
-18.4046
-11.2426
61.56528
-18.2565
-12.309
68.18871
15.67355
14.18713
96.56934
8.491629
2.227318
43.60066
3.595831
13.83177

[

hL1 − hL3
]%
hL3
-37.6542
67.44103
64.13981
-19.8296
57.93434
87.44347
320.3948
126.6435
90.54248
79.30549
32.27156
39.98691
128.0321
18.56248
11.32683
83.63708
32.10819
32.13704

A multi-regression was conducted using the Minitab-15 software in order to extract a deterministic equation of head
losses in the abrupt expansion transition with a semi-circular dispenser. The functional relationship of Eq.2 after
regression analysis takes the following form:
hL
y1

=

0.935 ∗ Fr3.76
0.772

(B2⁄B2)

∗(B1⁄y1)

0.905

(3)

The statistical indicators for this formula are (R2= 98.8%) and standard error of estimate (S=0.146947). The
boundary conditions of the application in practice are for a Froude number between 0.3 and 0.75, with an expansion
ratio not exceeding 3.

6.

Conclusions
1.

2.

3.
4.

7.

The semi-circular column convex against the flow had not been investigated before was installed at a
specified size and location into an abrupt expansion transition to be a dispenser. This attempt aimed the
possibility of access of the regular spread of flow inside the transition and improving its hydraulic
performance.
The hydraulic performance of the transition with this supplement model has been evaluated, and
comparisons with the conventional (plain) structures have proved that it has significant advantages both
hydraulically and economically.
The experimental results show that the abrupt transition with semi-circular model becomes shorter with
slightly higher head losses than those resulted with using the plain abrupt transition.
A new formula for head losses was introduced to be used as a deterministic equation for abrupt expansion
transition with a semi-circular dispenser operating under subcritical flow at a Froude number between 0.3
to 0.75, and the expansion ratio not exceed 3.
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